Portal myofibroblasts are sensitive to CCN-mediated endoplasmic reticulum stress-related apoptosis with potential to attenuate biliary fibrogenesis.
Portal fibroblasts are mesenchyme-derived fibroblasts surrounding the bile ducts, and activated into portal myofibroblasts (pMF) during cholestatic liver injury. pMF express α-smooth muscle actin (α-SMA) and produce the fibrogenic extracellular matrix (ECM) collagen type I and fibronectin, playing important roles in portal fibrosis. A cholestatic bile duct-ligated (BDL) model is characterized by impaired hepatobiliary excretion of bile, leading to increased bile acid accumulation. Accumulation of bile acids is known to induce endoplasmic reticulum (ER) stress leading to liver damage and cell death. Additionally, a BDL fibrotic model is also associated with upregulation of CCN (CYR61, CTGF and NOV) matricellular proteins and reported to induce ER stress both in vitro and in vivo. To explore the effects of CCN proteins, we used adenovirus-mediated CCN1-4 (Ad-CCN1-4) gene transfers into cultured pMF. Overexpression of CCN proteins leads to protein accumulation in the ER lumen, causing ER stress and unfolded protein response (UPR). We further found ER stress and UPR to mitigate fibrogenesis in pMF by decreased cellular production of fibronectin, collagen type 1 and α-SMA. In this scenario, Tauroursodeoxycholic acid, a pharmaceutical chaperone and ER stress inhibitor, attenuated Ad-CCN1-4 induced pMF apoptosis and restored collagen and fibronectin levels. Since hepatic fibrogenesis is accompanied by ER stress and upregulation of CCN proteins in a BDL, we further evaluated ER stress responses after Ad-CCN1 gene transfer in such a model and found overexpressed CCN1 to enhance the ER stress-associated proteins BiP and CHOP with positive cleaved caspase 3 and 9 staining in periportal nonparenchymal cells. This indicates that these nonparenchymal cells, most likely pMF, have the tendency to undergo apoptosis during later stages of BDL. Ad-CCN1 transduction furthermore sensitized pMF for ER stress and apoptosis. We suggest that CCN proteins are key factors in the fibrotic microenvironment impacting pMF survival during fibrogenesis and pMF apoptosis during fibrosis resolution.